The electronic structure of Mn 2 NiGa has been studied using density functional theory and photoemission spectroscopy. The lower temperature tetragonal martensitic phase with c/a= 1.25 is more stable compared to the higher temperature austenitic phase. Mn 2 NiGa is ferrimagnetic in both phases. The calculated valence band spectrum, the optimized lattice constants and the magnetic moments are in good agreement with experiment. The majority-spin Fermi surface (FS) expands in the martensitic phase, while the minority-spin FS shrinks. FS nesting indicates occurrence of phonon softening and modulation in the martensitic phase.
Introduction: Recent advent of multiferroic shape memory alloys (SMA) like Ni-Co-Mn-In, Ni-Mn-Ga that exhibit both ferroelastic and ferromagnetic properties has ushered a flurry of activity in this field 1, 2, 3, 4, 5, 6, 7, 8, 9 . In particular, Ni-Mn-Ga has generated immense interest because of very large strain (10%) in a moderate magnetic field (≈1 Tesla) 3, 4 . Moreover, in Ni-Mn-Ga the actuation is much faster (≈2 kHz) than conventional SMA 5 . However, Ni 2 MnGa are brittle and so search for materials with better mechanical properties exhibiting similar magnetic field induced strain is being actively pursued 10, 11 . Mn 2 NiGa is a recently discovered ferromagnetic SMA in the Ni-Mn-Ga family. It has Curie and martensitic start temperatures of 588 and 270 K, respectively 11 . Ferromagnetism in Mn 2 NiGa is surprising because direct Mn-Mn interaction normally leads to antiferromagnetic alignment 12, 13 . Moreover, the origin of the martensitic transition involving a relatively large tetragonal distortion (c/a= 1.21) has not been studied theoretically till date. Recently, a density functional theory (DFT) study on Mn 2 NiGa shows a large enhancement of the density of states (DOS) near the Fermi level (E F ) and quenching of Mn and Ni magnetic moments in the martensitic phase 14 . However, such large change in the magnetic moments or DOS has not been observed in any other SMA either from experiment 9, 15, 16 or theory 8, 17, 18 . In this work, a DFT study of the electronic structure of Mn 2 NiGa using full potential linearized augmented plane wave method (FPLAPW) is presented. The valence band (VB) spectrum, calculated from the theoretical DOS, is in agreement with the ultra-violet photoemission spectroscopy (UPS). We find that the total energy (E tot ) is lower in the martensitic phase with a tetragonal distortion of c/a= 1.25. We show that Mn 2 NiGa is an itinerant ferrimagnet in both the martensitic and austenitic phases. The equilibrium lattice 2 constants and the magnetic moments are in agreement with x-ray diffraction and magnetization data, respectively. The FS in the martensitic phase is drastically different from the austenitic phase. A highly nested hole-type majority-spin cuboidal FS sheet around the Γ point appears in the martensitic phase that is absent in the austenitic phase.
Methodology: First principles DFT calculations were performed using the WIEN97 code 20 .
Generalized gradient approximation (GGA) for the exchange correlation that accounts for the density gradients was used 21 . An energy cut-off for the plane wave expansion of 16 Ry is used (R M T K max = 9). The cut-off for charge density is G max = 14. The maximum l (l max )
for the radial expansion is 10, and for the non-spherical part: l max,ns = 6. The muffin-tin radii and 0.85% of the experimental lattice constants a= 5.5272Å and c= 6.7044Å, respectively 11 .
Thus, the agreement of the lattice constants for both the phases is satisfying, considering that even for free-electron-like non-magnetic metals there could be about 2% discrepancy between experiment and GGA based DFT theory 24 . The decrease of V by 1.2% is in agreement with the experimental volume decrease of 0.64% in the martensitic phase 11 . The antiferromagnetic alignment of MnI and MnII spin moments can be understood from the 3d spin resolved PDOS (Fig. 3b) . MnI 3d minority-spin states appear below E F between -1 to -3.5 eV, whereas MnII 3d majority-spin states appear below E F with two well separated high PDOS region around -1.5 and -2.7 eV. MnI 3d majority-spin states appear primarily Photoemission spectroscopy is a direct probe of the DOS in the VB region. In Fig. 4 , the main peak of the UPS VB spectrum appears at -1.4 eV and the Fermi cut-off is at 0 eV.
In order to calculate the VB spectrum, we note because of the order of magnitude larger photoemission cross-sections of Ni 3d and Mn 3d (4.0 and 5.3 mega barns at hν= 21.2 eV, respectively) 27 , these PDOS determine the shape of VB 28 . So, we have added the Ni and 6
Mn 3d PDOS in proportion to their cross-sections, multiplied by the Fermi function and broadened by the instrumental Gaussian resolution and the life-time width related energy dependent Lorenzian to obtain the calculated VB (Fig. 4) . This is a standard procedure of comparing the photoemission spectrum from a polycrystalline sample with the calculated DOS 28, 29 . The position of the main peak at -1.4 eV and the ratio between the main peak and the intensity at E F are in good agreement with UPS VB spectrum. It is clear from 14 , is in clear disagreement with our DOS (Fig. 3a) .
This prompted us to calculate the VB spectrum from the PDOS of Ref.
14 following the same procedure as discussed above and compare it with the experimental UPS VB. As shown in Fig. 4 , the calculated VB based on Ref.
14 is in obvious disagreement with UPS VB: no clear peak is observed in the former; a weak broad feature is present at -2 eV and the intensity near E F is highest. This shows that the martensitic phase DOS reported in Ref.
14 is inconsistent with experiment. Moreover, the large change of local moments (austenitic MnI= -2.2, MnII= 3.15, Ni 0.27 µ B to martensitic MnII= Ni ≈0, MnI= 1.4 µ B ) obtained in
Ref.
14 is physically unexpected 25 , since the MnI -MnII distance change by only 0.6% in the martensitic phase. Thus, it is no wonder why the total moment reported in Ref.
14 is higher in the martensitic phase compared to the austenitic phase, in contradiction to their own magnetization data 11, 14 .
Electronic bands and Fermi surface: Austenitic phase majority spin states: We now turn to the discussion of the electronic bands and Fermi surface of Mn 2 NiGa. The majorityspin bands in the austenitic phase show that band 29 forms electron pockets (Fig. 5b) . The corresponding FS, shown in Fig. 5d , is distorted prolate ellipsoidal in shape and occurs around the X point of the Brillouin zone (BZ) with the long axis along the ΓX direction.
The BZ is shown in Fig. 5a . The projection of the FS along ΓX is a square (inset, Fig. 5d 
Martensitic phase majority spin states:
In the martensitic phase, the majority-spin FS Table I .
From Fig. 5d and e, the majority spin FS is clearly enlarged in the martensitic phase compared to the austenitic phase. In the contrary, for the minority-spin states ( Fig. 5f-i) , the FS clearly shrinks in the martensitic phase.
Austenitic phase minority spin states: In the austenitic phase, minority spin band 27 is hole-type dispersing above (below) E F at 0.2ΓL (0.5LW ) and generates distorted cubic FS, where one pair of diagonally opposite corners taper out (Fig. 5f ). FS nesting is observed between the cube faces with n.v. 0.4{1,0,0}, as shown by the yellow arrows. The second sheet of the FS (band 28) is electron-like, consisting of multiply connected pipes of square cross-section (inset, Fig. 5h ). The parallel surfaces of the pipes nest onto each other with a n.v. of 0.31{1,0,0} a.u. and a nesting area of 0.16 a.u.
2
Martensitic phase minority spin states: In the martensitic phase, the minority spin hole type FS (band 27) has a flower-like shape with a perforation in the middle (Fig. 5g) . The electron type FS sheet shrink to disconnected pipes of varying diameter (Fig. 5i) . These minority-spin FS sheets (Fig. 5g,i In fact, FS nesting, ferrimagnetism and large magnetoelastic coupling makes Mn 2 NiGa a highly interesting material that has remained largely unexplored so far.
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